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SUMMARY 


Object  of  Investigation 

This  report  supplements  C.R.D.D,  Technical  Memorandum  No.  l/M/47 
"Crystallisation  Problems  in  the  Development  of  New  and  improved  Initiating 
and  Delay  Compositions. "  It  gives  examples  of  investigations  to  provide 
required  physical  properties  by  controlling  crystal  formation  and  growth  and 
by  surface  treatment  and  deposition  in  those  classes  of  explosives. 

Sco  pe  of  Investigation 

Methods  described  can  be  classified:  - 

1.  Control  of  particle  size  and  shape  by  indirect  crystallisation  i. c. 
through  an  intermediate  crystalline  substance  not  isolated  in  the  process. 

2.  Control  of  crystallisation  by  the  use  of  additive  substances  af footing 
nucleation  but  not  included  in  the  final  product. 

3.  Nucluation  by  additive  substance  retained  in  the  crystals  of  the  product. 
Ij..  Precipitation  in  the  presence  of  hydrophilic  colloids. 

5*  Employment  of  a  proportion  of  the  explosive  as  a  colloid. 

* 

6.  Deposition  and  surface  treatment  -  reproduction  of  mechanical  mixtures* 

These  methods  have  been  first  studied  in  the  laboratory  to  meet  Service 
or  experimental  requirements  for  compositions  with  suitable  physical  and 
explosive  characteristics  o.g.  flowing  properties,  ig nit  ability  ,  rate  of 
burning.  promising  processes  have  then  been  developed  to  the  manufacturing 
scale. 


The  substances  investigated  include  lead  azide,  lead  styphnate,  barium 
styphnatc,  lead  2:4  dinitrorcsorcinate,  lead  4:6  dinitrorcsorcinate.  Examples 
arc  given  from  manufacturing  processes  and  from  investigations  in  progress. 

Concl usions 


The  results  illustrate  the  very  wide  range  of  modification  of  physical 
and  explosive  properties  which  may  be  attained  using  the  methods  described 
and  with  a  comparatively  small  number  of  substances.  This  is  important  as 
there  are  few  substances  in  this  class  which  possess  suitable  explosive 
properties  combined  with  adequate  stability  and  compatibility.  Attention 
should  be  drawn  to  the  effect  on  crystal  growth  of  very  small  proportions  of 
additive  substances,  in  particular  the  non-ionic  surface  active  agents; 
dilution  of  explosive  properties  is  thereby  almost  entirely  eliminated. 

This  can  be  compared  with  co-prccipitation  with  hydrophilic  colloids  which 
can  also  be  employed  at  small  proportions. 

The  enhanced  sensitiveness  of  crystallising  substances  to  the  presence 
of  impurities  during  polymorphic  transition  or  changes  in  basicity  or  degree 
of  hydration  is  repeatedly  shown  but  is  not  always  essential  for  desired 
crystal  modification  by  co- precipitation. 

Some  examples  show  that  surface  condition  can  be  more  important  than  the 
shape  of  the  crystal  in  obtaining  satisfactory  flov/ing  properties  for  machine- 
filling. 

Recommend  at  io  ns 


In  continuing  the  investigations  outlined  in  this  report  it  is  suggested 

1. 
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that  the  following  should  receive  attention 

(1)  Extending  the  studies  of  crystal  formation  and  growth  and  surfo.ee 
treatment  to  include  substances  not  necessarily  of  potential  explosive 
application  but  with  similar  crystal  characteristics  to  those  described. 

The  objective  would  be  to  obtain  more  general  data  to  correlate  experimental 
results. 

(2)  The  most  promising  fields  arc  in  the  employment  of  surface  active 
substances  both  non-ionic  and  ionic  types  for  modifying  crystallisation  without 
incorporation  and  also  for  surface  treatment  to  improve  flowing  properties 

and  stability. 

(3)  Only  a  small  beginning  has  been  maue  in  trying  to  eliminate  the 
many  complex  mechanical  mixtures  in  common  use  and  it  is  considered  that  the 
methods  of  co- precipitation  and  deposition  described  could  be  more  widely 
applied  to  give  homogeneous  non-segregating  compositions. 
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REPORT 

Introduction  and  objects 

Now  and  improved  initiatory  and  delay  compositions  aro  demanded  in  order 
to  meet  the  requirements  of  existing  and  projected  explosives  stores.  The 
inception  and  development  of  such  composition  involves  a  study  of  the  physical 
characteristics  of  possible  substances  in  relation  to  any  methods  of  prepara¬ 
tion  or  modification  which  can  be  adopted.  A  satisfactory  product  must  not 
only  possess  the  required  properties  of  ignition  when  in  use  in  the  fuze, 
detonator  or  other  store  but  must  also  be  suitable  for  consistent  manufacture 
in  a  physical  form  applicable  to  filling  factory  practice.  Initiators  and 
fast  burning  delay  compo sit ions  arc  usually  sensitive  explosives  and 
practicable  methods  of  preparation  and  processing  are  limited  owing  to  the 
risk  of  accidental  explosion.  The  final  product  must  be  stable  to  con¬ 
ditions  of  temperature  and  humidity  encountered  in  Service  use  and  also 
compatible  with  metals  and  any  other  materials  with  which  it  is  required  to 
be  in  contact. 

The  ideal  composition  is  a  single  chemical  substance  which  can  be  prepared 
simply  on  a  manufacturing  scale  to  give  a  consistent  reproducible  product 
meeting  all  filling  arid  proof  requirements.  Tliis  ideal  is  rarely  if  ever 
attained  and  one  result  is  the  very  frequent  resort  to  the  use  of  two  or  more 
component  mechanical  mixtures  with  the  obvious  attendant  disadvantages; 
mechanical  processing  methods,  such  as  corning,  in  order  to  provide  free-flowing 
and  non-segregating  products  are  sometimes  adopted  but  this  cannot  be  considered 
to  be  a  satisfactory  solution  particularly  when  sensitive  explosives  arc 
involved. 

Any  investigation  of  possible  substances  for  initiating  or  delay 
application  so in  discloses  the  very  considerable  influence  of  the  physical 
farm  of  the  product  on  processing,  handling  and  the  eventual  performance  at 
proof  test.  The  general  procedure,  therefore,  is  to  study  the  results 
ef  controlling  physical  form  by  modifying  methods  of  preparation  keeping  in 
mind  the  limitations  imposed  by  the  nature  of  the  substance  and  manufacturing 
considerations.  Many  likely  substances  in  this  class  of  explosive  arc 
sparingly  soluble  salts  and  in  a  typical  precipitation  process  it  is  possible 
to  alter  rate  f  formation  of  nuclei  and  growth  of  crystals  in  order  to 
modify  particle  size  and  shape.  This  is  achieved  by  adjusting  main  variants 
such  as  eh -ice  and  cncentrati  ns  and  temperatures  of  reactants,  pH  of 
solutions,  and  rates  of  agitation  and  addition, 

• 

For  a  large  number  if  potentially  useful  compositions  however  the 
conclusion  of  these  experiments  fails  to  secure  a  suitable  and  consistent 
product.  For  example  the  substance  may  crystallise  persistently  in  an 
unsatisfactory  form  such  as  in  aciculor  or  lamellar  habit  resulting  in  a 
bulky  and  p-  or  flowing  material  unsuitable  for  processing  and  handling. 
Alternatively  the  required  burning  or  detonating  properties  may  not  have 
been  attained  or  may  have  been  shown  to  be  critically  dependent  on  small  and 
unccntr oil able  differences  in  particle  size  and  shape.  In  this  connection 
■a  fined  particle  _r  granule  of  approximately  spherical  shape  (not  necessarily 
composed  of  a  single  pure  substance)  would  not  only  give  a  free -flowing 
composition  but  would  also  ensure  random  distribution  on  filling  thus  avoiding 
effects  due  to  preferred,  orientation  of  the  crystals  under  pressing  load. 

The  surface  treatment  of  pr  mising  substances  to  modify  flowing,  burning  or 
ether  physical  properties  represents  a  further  stage  in  the  attempt  tc  meet 
requirements. 


The  investigation  of  moth  ds  ef  preparation  tc  overcame  the  difficulties 
indicated  and  t -achieve  satisfactory  manufacturing  processes  and  products'  has 
been  carried  out  over  a  number  of  years  and  it  is  possible  to  give  collected 
examples  ef  results  obtained. 


3. 


This  report  therefore  supplements  C.R.D.D.  Technical  Memorandum  No. 

1 /li/47  "Crystallisation  Problems  in  the  Development  of  New  and  Impr  vod 
Initiating  Comp  siti.ns." 

Met h  is  ein.jlciy^l  and  a Maples  ..f  results  obtained 

The  methods  and  results  can  bo  classified  under  the  headings *- 

1.  Centre!  of  particle  size  and  shape  by  indirect  crystallisation,  i.  e. 
through  an  intermediate  crystalline  substance  not  isolated  in  the  process. 

2.  Control  f  cry at alii sati  n  by  the  use  of  additive  substances  affecting 
nucleatiun  tut  n  t  included  in  the  final  product. 

3.  Nucl^atien  by  additive  substance  retained  in  the  crystals  of  the 
product. 

4*  Procipitati  n  in  the  presence  of  hydrophilic  colloids. 

5.  Employment  of  a  proportion  of  the  explosive  as  a  colloid, 

6.  Deposition  and  surface  treatment  -  reproduction  of  mechanical  mixtures. 

(l )  Contr,l  ef  particle  size  and  shape  b.y  indirect  crystallisation 

Where  direct  crysta.llisa.tion  of  the  required  substance  results  in  a 
product  ef  unsatisfactory  crystal  habit,  particle  size  or  degree  of 
uniformity  it  is  possible,  with  certain  substances,  to  obtain  substantial, 
improvement  in  physical  form  by  indirect  crystallisation  t hr. ugh  an  inter¬ 
mediate  which  is  not  isolated.  The  intermediate  may  consist  of  a  salt  of 
different  basicity  or  state  of  hydration  or  other  complex  from  the  substance 
required.  The  convcrsi. n  of  the  intermediate  tc  the  final  product  can 
frequently  be  cl  sely  controlled  in  a  batch  process  to  give  a.  less  common 
crystal  habit  _r  marked  uniformity  in  crystal  size. 

For  example  barium  styphnatc  (barium  trinitroros.  rcinate  raonohylratc, 
monoclinic)  crystallises  as  shown  in  Fig.  1  when  prepared  by  the  interaction 
of  barium  carbonate  or  barium  acetate  with  styphnic  acid.  Different  crystal 
habits  can  be  obtained  by  using  other  siluli^ns  ns  shewn  in  Figs.  2,  3  but 
these  products  are  not  ran  mly  orientate!  when  compressed  into  delay  sleeves. 
This  results  in  ^"regular  rates  f  burning,.  A  desirable  but  unfamiliar 
crystal  habit  is  'shown  in  Figs.  4,  5.  This  can  be  obtained  by  first 
precipitating  the  trihydrate  by  the  addition  of  magnesium  styphnatc  solution 
t:  barium  acetate  solution  and  maintaining  above  the  transition  temperature 
tc  convert  to  the  monohydrate;  this  c  aversion  is  accelerated  by  the  addition 
of  nitric  acid.  The  conversion  from  the  acicular  trdhydratc  to  the  required 
crystal  habit  is  illustrated  by  rig.  6.  This  process  was  developed  to  the 
manufacturing  scale  to  give  a  product  known  as  R.D.  1320  giving  consistent 
rates  of  burning  in  delay  sleeves  for  fuzes. 

As  a  further  example  lead  styphnatc  (iced  trinitroros  ..rcinate  raonu- 
hylrato,  me n.. clinic)  can  be  obtained  in  requirel  crystal  habits  and  particle 
size  by  indirect  crystallisation  through  "basic  salts".  Those  arc  basic 
salts  in  the  sense  that  they  have  higher  Iced,  content  than  the  normal  salt. 

/hen  lead  acetate  soluti  n  is  added  to  magnesium  styphnatc  s elution  opaque 
yellow  micro -.aggregates  (Tig.  7)  arc  first  f  -rcaed.  This  is  an  adsorption 
complex  ef  indefinite  composition  which  changes  to  lead  ace to -styphnatc  in  the 
form  ef  acicular  crystals  (Fig.  8).  By  altering  the  conditions  of  precipita¬ 
tion  either  of  these  intermediates  (or  the  true  mon  basic  salt  obtained  at 
higher  pH)  can  be  converted  by  the  addition  ef  nitric  acid  to  the  normal 
load  styphnatc.  Conversion  of  the  microaggrcg at cs  is  favourable  tc  the 
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cqunnt  crystal  habit  (Pig.  9 ) ;  the  lead  nee  to -styphnate  conversion  favours 
the  flatter  crystal  habit  (Pig.  10).  Slew  addition  cf  nitric  acid  gives 
large  crystals  and  increase  in  rate  of  addition  gives  progressively  smaller 
crystals  (pig.  11).  Intermediate  stages  of  two  preparations  are  shown  in 
Pigs.  1 2—1 6*  These  processes  have  been  developed  satisfactorily  to  the 

manufacturing  scale  for  a  general  purpose  dust-free  lead  styphnate  of  high 
bulk  density  (R.D. 1302)  and  lead  styphnate  (R,D. 1303 )  which  will  mix  with 
powdered  graphite  without  segregating  to  give  an  electric  cap  composition. 

This  method  of  indirect  crystallisation  therefore  gives  control  in  batch 
processes  for  both  crystal  habit  and  crystal  size  of  the  product. 

( 2 )  Control  of  crystallisation  by  the  use  of  additive  substances 
affecting  nucleatioti  but  not  included  in  the  product 

A  distinction  can  be  drawn  between  precipitation  methods  which  depend 
upon  the  incorporation  of  a  measurable  proportion  of  additive  substance  and 
those  which  employ  an  additive  substance  to  modify  crystal  formation  and 
growth  without  being  included  in  the  final  product.  "  The  theory  of  the 
factors  influencing  crystal  growth  have  been  studied  by  Gibbs,  Curio  and 
others  and  the  work  of  Hare  on  the  use  of  dyes  for  modifying  crystallisation 
vdooity  can  be  quoted  for  examples  where  considerable  changes  in  crystal 
habit  are  shown  with  relatively  little  adsorption  of  the  foreign  substance. 

The  influence  of  urea  on  the  crystallisation  of  sodium  chloride  is  usually 
cited  as  the  classical  example.  Y/hen  a  colloid  is  co-procipitated  and 
incorporated  in  the  product  either  the  individual  crystal  becomes  translucent 
or  opaque  and  loses  its  crystalline  facets  or  alternatively  the  colloid  may 
function  as  a  binding  or  aggregating  medium  for  small  crystals.  Y/hen  no 
appreciable  incorporation  or  aggregation  takes  place  the  crystals  retain 
their  normal  transparent  appearance  but  may  be  modified  in  size  and/or 
shape  by  the  presence  of  an  additive  substance  in  the  liquors. 

This  method  has  been  studied  for  the  preparation  of  initiating  and  fast 
delay  compositions  as  it  has  the  appreciable  advantage  of  reducing  the 
possibility  of  dilution  of  the  explosive.  As  an  example  a  considerable 
reduction  in  or  stallisation  velocity  on  certain  faces  is  achieved  with 
methyl  cellulose  for  barium  styphnate  without  any  noticeable  incorporation 
of  the  colloid  (Fig.  17).  Note  also  the  crystal  habit  of  barium  styphnate 
crystallised  from  sodium  carbonate  and  car boxy  methyl  cellulose  (pig.  18). 

Y.'ith  the  seme  explosive  the  effect  of  a  dye  (methyl  violet)  was  found  to  bo 
relatively  small.  In  the  preparation  of  normal  lead  2:4  dioityorLSorcinatc 
the  addition  of  urea  has  given  indication  of  promoting  acicul^ur  crystal 
habit  thus  decreasing  bulk  density. 

The  class  of  substances  generally  described  as  surface'  active  agents 
has  been  found  in  this  Establishment  to  be  particularly  applicable  as 
additives  to  modify  crystals  of  initiat  ry  explosives  without  inclusion. 
Anionic  surface  active  agents  usually  form  insoluble  nuclei  and  will  bo 
mentioned  in  the  next  group  of  methods  but  the  non-ionic  type  which  are  not 
reactive  to  most  of  the  solutions  cmployc'd  have  given  results  of  interest. 

The  results  obtained  from  these  investigations  show  that  a  very  small 
addition  of  certain  surf?vcc  active  agents  can  profoundly  affect  nucl^ation 
and  subsequent  crystal  growth  and  may  be  particularly  valuable  for  suppressing 
undesirable  polymorphic  forms. 

For  example  pure  load  azide  precipitated  by  the  interaction  of  lead 
acetate  and  sodium  azide  solutions  is  of  irregular  and  irre producible  crystal 
growth  and  is  usually  a  mixture  of  alpha,  (orthorhombic)  and  the  loss  stable 
and  undesirable  beta  (monoclinic)  polymorphs.  The  respective  effect  of  the 
addition  of  a  water  dispersible  and  a  water  soluble  surface  active  agent 
compared  with  a  control  precipitation  is  shown  in  Pigs,  19-24*  The  beta 
form  can  bo  entirely  eliminated  and  uniform  crystal  growth  produced.  This 
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process  has  been  developed  satisfactorily  to  the  manufacturing  scale. 

Virtually  all  the  additive  substance  is  retained  in  the  mother  liquor  and 
the  process  therefore  gives  pure  lead  azide  by  a  controllable  method.  The 
surface  active  agent  also  facilitates  washing  and  filtering  of  the  product. 

As  another  example  of  a  different  type  mny  be  quoted  the  crystallisation 
of  lead  styphnate  in  the  presence  f  a  surface  active  agent  in  order  to 
prepare  the  beta  polymorph  at  higher  temperature. 

Investigations  have  also  shewn  that  the  addition  of  very  small  propor¬ 
tions  of  surface  active  substances  may  be  employed  in  order  to  improve 
flowing  properties  of  the  crystals,  for  ex  mple,  barium  styphnate  can  be 
improved  by  this  method. 

( 3 )  Nucleation  by  additive  substances  retained  in  the  crystals  of  the 

product 

By  the  introduction  of  a  small  proportion  of  a  less  soluble  substance 
in  a  finely  divided  condition  marked  control  of  crystal  development  can  be 
obtained  in  a  number  of  cases.  The  employment  of  an  anionic  surface  active 
agent  of  the  sulphonatc  type  in  the  precipitation  of  lead  azide  is  an  example. 
The  insoluble  lead  sulphonatc  is  first  precipitated  in  a  very  fine  state  of 
division,  providing  abundant  nuclei  for  the  lead  azide  crystal  growth.  The 
resultant  product  is  therefore  of  extremely  small  crystal  size  as  shown  in 
Pig.  25. 


A  further  example  is  in  the  manufacture  f  Service  lead  azide,  about  2 
per  cent  lead  carbonate  being  precipitated  in  situ  by  the  advance  of  lead 
acetate  sedution  added  to  the  base  solution  cf  sodium  carbonate.  The 
familiar  orthorhombic  crystals  of  lead  azide  when  viewed  between  crossed 
nicols  show  clearly  the  two  skeletal  growths  to  each  crystal  of  lead  azide 
corresponding  to  the  nuclei  (pig.  26). 

An  interesting  point  arose  in  the  use  of  this  method  by  the  nucloation 
of  barium  styphnate  with  barium  carbonate.  Uniform  crystal  development  was 
achieved  but  the  burning  properties  of  the  explosive  were  markedly  affected 
and  the  product  was  unsuitable  as  a  delay  composition.  This  may  indicate 
that  nucl.a.tion  with  an  inert  substance  is  more  suitable  for  a  detonating  or 
priming  composition. 

By  the  simultaneous  addition  of  solutions  of  lead  acetate  and  sodium 
azide  to  a  base  solution  of  colloidally  dispersed  graphite  the  graphite  may 
be  intimately  incorporated  in  the  growing  lead  azide  crystals  to  give  a 
completely  opaque  product  with  interesting  properties.  Adjustment  cf 
conditions  can  result  in  different  crystal  format ions  from  the  mainly  rhombic 
to  the  dendritic  aggregated  types  (Pig.  27).  This  product  has  been  recently 
developed  to  the  manufacturing  scale. 

(4)  Precipitation  in  the  presence  of  hydrophilic  colloids 

The  adsorption  of  foreign  substances  by  growing  crystals  is  a  common 
phenomenon  with  numerous  references  in  the  literature.  Among  technical 
applications  the  adoption  of  dextrin  to  give  a  less  sensitive  form  of  lead 
azide  is  well  known.  The  possibility  of  using  other  colloids  to  modify 
physical  form  in  a  wider  sense  than  that  of  desensitising  has  been  examined 
in  some  detail  in  this  establishment.  For  example  it  has  been  possible  to 
prepare  lead  2:4  dinitrorcs orcinato  co- precipitated  with  a  small  proportion 
of  high  viscosity  type  methyl  cellulose  with  a  faster  rate  of  burning  than  a 
control  preparation  without  the  colloid.  Special  attention  has  been  paid 
to  using  small  proportions  of  colloid  with  less  than  1  per  cent  included  in 
the  product. 

Improvement  cf  fl  wing  properties  and  modification  of  detonating  or  rate 
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of  burning  characteristics  arc  the  two  main  contributions  which  can  be  rnnAn 
in  the  development  of  now  compositions  b y  co-precipitation  in  the  presence  of 
colloids.  Examples  can  also  be  given  where  products  of  improved  cohesive 
and  adhesive  properties  have  been  made  and  colloids  have  been  used  to  eliminate 
the  effects  of  impurities  in  ingredients. 

The  precise  mechanism  of  adsorption  on  growing  crystals  is  still  a 
matter  of  controversy  and  no  definite  rules  can  be  formulated  for  the  use  of 
this  method  in  order  to  obtain  particular  results.  It  is  possible  however 
to  give  a  general  account  of  the  factors  involved  and  some  conclusions  based 
upon  hundreds  of  experiments  using  the  substances  indicated. 

The  first  considerations  arc : - 

(a)  Nature  of  substance  to  be  precipitated  or  crystallised. 

(b)  Selection  of  colloid. 

(c)  General  conditions  of  precipitation. 

(d)  Proportion  and  method  of  use  of  the  colloid. 

The  most  simple  ease  of  crystallisation  represents  a  large  number  of 
alternative  conditions  and  with  precipitations  involving  intermediate  forms 
and  solid  phases  the  problem  may  bo  very  complex.  The  solubility  of  the 
substance  in  the  supernatant  liquor  and  the  rate  of  nuclei  formation  and 
crystal  growth  can  usually  be  modified  over  a  wide  range  by  alteration  of 
concentrations  temperature,  degree  of.  agitation  etc.  in  order  tc  establish 
conditions  favourable  to  the  incorporation  of  the  colloid. 

The  available  hydrophilic  colloids  are  substances  of  high  molecular 
weight  mostly  obtained  from  animal  or  plant  sources.  They  include  the  water- 
soluble  proteins  such  as  gelatin,  the  water-soluble  gums  such  as  gum  arabic, 
and  colloids  of  the  type  of  sodium  alginate;  representatives  of  these  groups 
have  been  investigated  in  the  precipitation  of  initiators.  As  a  class 
however  the  cellulose  and  starch  derivatives  offer  distinct  advantages. 

Many  arc  available  in  reasonably  pure  and  consistent  supply  from  commercial 
sources.  They  cover  a  wide  range  of  physical  properties  influencing 
crystallisation  and  their  advantages  and  scope  have  been  verified  experimentally 
in  this  work.  Methyl  cellulose  and  corboxy  methyl  cellulose  and  also  the 
starch  glycollatc  derivatives  arc  particularly  valuable.  They  arc  v/atcr 
soluble  over  a  considerable  range  of  molecular  weight  and  degree  of  substitution 
giving  a  correspondingly  wide  range  of  precipitation  characteristics.  Even 
at  low  concentrations  highly  viscous  solutions  are  obtainable  and  this  is 
reflected  in  the  marked  effect  of  very  small  quantities  as  additives.  The 
presence  of  the  glycollatc  side-chain  in  both  cellulose  and  starch  derivatives 
contributes  considerably  to  the  efficiency  of  these  colloids  as  shown  in  the 
examples  in  this  report. 

Tho  proportion  of  colloid  should  be  kept  to  a  minimum  to  avoid  mar  Iced 
desensitisation  and  possible  hygroscopicity  of  the  product.  A  distinction 
must  be  made  between  the  quantity  of  colloid  used  and  the  amount  actually 
incorporated  in  the  product;  in  some  cases  10  per  cent  of  the  colloid  has 
been  added  to  reacting  solutions  to  obtain  less  than  1  per  cent  incorporation. 
Mechanical  conditions  may  be  critical  and  for  any  series  of  co-precipitation 
experiments  it  has  been  necessary  carefully  to  standardise  the  procedure. 

A  distinction  should  also  be  drawn  between  colloids  which  arc  included 
in  the  growing  crystals  without  undergoing  chemical  change  and  those  which 
arc  converted  to  another  substance  during  tho  process.  Methyl  cellulose  is  ■ 
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not  reactive  chemically  in  the  type  of  double  decomposition  precipitation 
commonly  employed  and  is  incorporated  unchanged*  Sodium  cellulose  gly collate 
(sodium  carboxy  methyl  cellulose)  however  forms  an  insoluble  lead,  salt  in  the 
presence  of  a  soluble  lead  salt;  this  insoluble  salt  is  the  effective  colloid 
and  such  preparations  as  granulated  lead  azide  can  be  more  correctly  described 
as  true  co -precipitation. 

Examples  of  products  by  this  method 

(a)  Granulated  barium  st.yphn?ctc  (R.D.132UB).  By  adding  a  mixture  of 
magnesium  styphnate  and  sodium  carboxy  methyl  cellulose  solutions  to  a  solution 
of  barium  chloride  it  is  possible  to  obtain  opaque  almost  spherical  granules 

of  barium  styphnate  markedly  different  from  the  crystals  formed  by  normal 
methods  of  preparation  (pig.  28).  This  product  contains  only  0.7  per  cent 
carboxy  methyl  cellulose.  Y/ith  reduced  proportion  of  colloid  a  characteristic 
etched  crystal  type  is  produced  (Fig.  25).  X-ray  diffraction  examination 
confirms  that  the  granular  product  is  essentially  the  same  substance  and  not 
a  polymorphic  form  and  the  pattern  of  the  granules  corresponds  to  a  small 
number  of  crystals  of  the  order  from  one  to  six  (Pig.  30);  with  increase  in 
proportion  of  colloid  the  number  of  constituent  crystals  greatly  increases. 
Granulated  barium  styphnate  is  a  very  stable  substance  and  its  method  of 
preparation  has  been  developed  to  tiu-  manufacturing  scale. 

(b)  Granulated  lead  styphnate  (R.D.  1316)«  Lead  styphnate  in  the  form 
of  free-flowing  rounded  granules  can  be  prepared  in  a  single  stage  process  by 
the  addition  of  lead  nitrate  solution  to  a  stirred  and  heated  mixture  of 
magnesium  styphnate  and  methyl  cellulose  solutions,  the  proportion  of  colloid 
being  equivalent  to  1  pur  cent  of  the  product  (Pig.  31  )•  This  process  has 
also  been  developed  to  the  manufacturing  scale. 

(c)  Lead,  azide  (R.D.  1333)«  A  modified  form  of  lead  azide  has  been 
developed  in  order  to  give  a  composition  of  improved  cohesive  properties  on 
pressing.  In  this  preparation  solutions  of  load  acetate  and  sodium  azide 
arc  added  simultaneously  to  a.  stirred  dilute  solution  of  sodium  carboxy  methyl 
cellulose.  The  resultant  product  consists  of  irregularly  shaped  granules 
which  processes  well  and  gives  a  remarkably  free-flowing  composition  (Fig.  32). 
Some  examples  of  the  first  stages  of  crystal  formation  are  shown  in  Figs.  3 3-36. 
As  the  proportion  of  colloid  incorporated  is  less  than  0.8  per  cent  a  high 
state  of  purity  is  ,  .aintained  in  the  product  as  shown  by  determinations  of 
azide  value  which  are  considerably  higher  than  for  other  forms  of  lead  azide 

in  use.  This  method  of  preparation  of  luad.  azide  has  been  shownto  possess 
advantages  on  the  manuf  act  taring  scale. 

(d)  Lead  dinitrorcsorcinatcs.  Colloids  have  been  employed  v/ith  lead 
2:4  and  l±:Z  diuitroresorcinate  to  improve  flowing  properties  (granulation),  to 
modify  rates  of  burning  and  to  eliminate  the  effects  of  impurities.  A  large 
number  of  different  products  arc  possible  and  some  of  these  have  been  developed 
to  manufacturing  scale  and  adopted  for  Service  use  as  priming  or  delay  composi¬ 
tions  (R.D. 1305,  R.D. 1307,  R.D.1308). 

Example  of  lead  dinitroresorcinatc  composition  developed  to  manufacturing  scale 

Tr.D.1305) 

R.D. 1305  was  developed  to  meet  the  requirement  of  a  1  millisecond  delay 
in  Fuze  255*  It  illustrates  the  use  of  two  colloids  in  one  process  to  give 
required  flowing  bulk  density  and  burning  properties  of  an  explosive.  The 
precipitation  of  normal  lead  2:4  dinitroresorcinatc  to  give  a  range  of  products 
of  varying  particle  size  by  the  addition  of  lead  hydroxide  suspension  to 
dinitroresorcinal  suspension  without  the  incorporation  of  a  colloid  results 
in  a  steep  burning  time  -  particle  size  curve  when  plotted  in  the  one  milli¬ 
second  region  for  the  Fuze  255  requirement.  Particle  size  can  be  controlled 
by  concentration  of  reactants  or  more  conveniently  by  adjustment  of 
temperature  of  the  precipitation. 
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By  the  addition  of  sodium  carboxy  mettyl  cellulose  to  the  lead  hydroxide 
suspension  a  final  product  can  be  prepared  which  breaks  up  into  granules  on 
drying;  at  the  same  time  the  burning  time  -  particle  size  curve  becomes  much 
flatter  allowing  a  practicable  control  of  burning  time  of  the  final  product  by 
adjustment  of  temperature  over  a  convenient  range  on  the  plant. 

Simultaneously  methyl  cellulose  added  to  the  dinitrorcsorcinal  suspension 
increases  the  bulk  density  of.  the  final  product  to  within  the  specified  range 
for  mechanical  filling  requirements.  Tables  can  therefore  be  compiled  for 
the  manufacturer  showing  the  required  temperature  adjustment  and  proportion  of 
methyl  cellulose  to  be  added  in  order  to  give  required  delay  and  bulk  density 
respectively. 

(5)  Employment  of  a  proportion  of  the  explosive  as  a  colloid 

Crystallising  substances  prepared  by  precipitation  from  interacting 
solutions  can  bo  varied  in  particle  size  by  adjustment  of  conditions  in 
accordance  with  Von  Yficmarn's  rule.  It  follows  that  if  practical  conditions 
can  be  devised  to  prepare  a  proportion  of  the  substance  with  particle  size  so 
much  reduced  as  to  give  a  gel-like  or  colloidal  precipitate  it  may  be  possible 
to  employ  the  substance  itself  instead  of  an  additive  colloid.  This  has  the 
decided  advantage  for  explosive  use  that  no  inert  diluent  is  introduced. 

As  an  example  the  acid  salt  of  lead  4:6  dinitrorosorcinatc  is  usually 
precipitated  in  the  form  of  acicular  crystals  with  completely  unsatisfactory 
flowing  properties  (Fig#  37).  By  selecting  suitable  conditions  of  temperature 
and  concentration  of  reactants  a  proportion  can  be  precipitated  in  gcl-likc 
form  to  give  a  free-flowing  granulated  product  by  direct  precipitation  as 
shown  in  Fig.  30.  Mixtures  of  acid  and  basic  salts  may  also  be  prepared  in 
the  same  way  (Figs.  39,  40). 

A  further  example  of  direct  precipitation  to  give  spherical  granules  is 
shown  in  Fig.  41  (Lead  2:4  dinitrorosorcinatc). 

(6)  Deposition  and  surface  treatment 

(a)  Granulation  b.y  precipita.tion  of  hydrophilic  colloids.  These  methods  may 
be  described  as  two  stage  processes  as  they  consist  of  the  preliminary  precipita¬ 
tion  of  the  explosive  (usually  in  a  finely  divided  or  otherwise  unsatisfactory 
physical  form)  followed  by  a  separate  granulation  operation. 

The  suspension  of  the  explosive  in  a  dilute  solution  of  the  colloid  is 
vigorously  stirred  and  by  the  alternative  means  of  the  addition  of  organic 
solvents  or  electrolytes  or  by  raising  or  lowering  the  temperature  the 
colloid  is  thrown  out  of  solution  and  under  favourable  conditions  will  give 
a  granulated  product  with  the  explosive.  The  optimum  conditions  have  been 
found  to  be  generally  critical  and  one  processing  difficulty  is  a  tendency 
for  the  product  to  cake  on  drying  if  excess  colloid  is  used;  extrusion  to 
obtain  granules  of  satisfactory  size  may  be  necessary. 

• 

An  example  is  the  use  of  sodium  carboxy  methyl  cellulose  to  give  a 
granulated  product  with  lead  4:6  dinitrorosorcinatc  by  the  addition  of  alcohol 
which  flocculates  the  colloid  Fig.  42.  Attempts  have  been  mode  to  dispense 
with  the  organic  solvent  by  utilising  the  property  of  methyl  celluloses  of 
being  more  insoluble  at  higher  temperatures;  for  example  the  explosive 
suspended  in  a  dilute  solution  of  methyl  cellulose  is  stirred  and  heated  above 
the  coagulation  temperature  to  precipitate  the  colloid.  On  cooling  .the  outer 
layer  of  methyl  cellulose  goes  into  solution  thus  avoiding  caking  on  the 
product  on  drying.  Such  a  method  has  advantages  over  the  use  of  electrolytes 
for  salting  out  the  hydrophilic  colloid  on  -account  of  possible  reactivity  and 
absorption  at  the  concentrations  required. 
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(b)  Precipitation  of  ins,  lublc  materials  arid  surface  treatment.  The  co- 
prccipitation  and  surface  deposition  of  insoluble  substances  represent  further 
stages  in  modifying  explosives  not  only  to  eliminate  mechanical  mixing  but  also 
to  impart  now  properties.  For  example  an  insoluble  material  can  be  introduced 
in  the  precipitation  of  the  explosive  usually  in  conjunction  with  the  use  of 
a  hydrophilic  colloid  as  described  in  (4)  above.  The  insoluble  material  is 
employed  in  a  very  finely  divided  state  preferably  suspended  as  a  hydrophobic 
solution.  Fig.  43  is  an  example  of  a  hydrophobic  sol  (colloidal  graphite) 
incorporated  during  the  precipitation  of  a  granular  explosive  (lead  styphnatc) 
in  the  presence  of  a  hydrophilic  coll  id  (methyl  cellulose);  this  is  a  single 
stage  process  starting  from  the  solutions  required  for  the  double  decomposition 
and  the  two  colloids. 

Another  method  is  to  prep-re  the  insoluble  material  in  a  finely  divided 
condition  by  ball  milling  or  alternatively  by  the  use  of  a  colloid  mill  and  a 
proportion  of  protective  hydrophilic  colloid  and  depositing  on  the  surface  of 
the  preformed  explosive;  this  is  of  course  a  two  stage  process.  Substances 
available  commercially  as  hydrophobic  sol  suspensions  may  bo  used  directly  as 
in  the  case  of  colloidal  graphite.  Various  methods  have  be^n  investigated  and 
employed  for  securing  satisfactory  deposition  including  the  wider  use  of 
lyophobic  sols  in  media  other  than  water.  Fig.  44  shows  graphite  deposited 
on  lead  styphnatc  to  give  a  conducting  composition  which  unlike  the  untreated 
explosive  can  only  be  ignited  by  electric  s paries  of  extremely  high  energy. 

Reproductions  of  mechanical  mixtures  tc  give  homogeneous  non- segregating 
compositions  have  been  made  by  similar  procipitati  'n  methods  and  examples 
could  include  antimony  sulphide  -  mercury  fulminate,  aluminium-lead  styphnatc 
and  the  incorporation  of  stearates  of  metals.  In  addition  to  replacement  of 
mixtures  this  field  has  been  shewn  to  give  opportunities  for  improving 
electrostatic  properties,  burning  and  flash  characteristics  (c.g.  introduction 
of  "hot  particles"  in  a  finely  divided  and  evenly  distributed  manner), 
elimination  of  pressing  difficulties  by  incorporating  a  lubricant  and  the 
application  of  insensitive  coatings  and  coatings  to  improve  compatibility  and 
stability  of  the  composition.  Water  rcpcllant  films  have  been  applied  to 
crystalline  product  during  manufacture  to  improve  stability. 

A  special  aspect  of  surface  treatment  and  co-precipitation  is  the 
improvement  in  fl  wing  properties  -which  may  be  obtained  by  including  small 
quantities  of  suitable  substances  to  reduce  surface  friction;  this  is  a 
further  or  alternative  stage  tc  modifying  particle  size  and  shape.  The 
excellent  flowing  properties  of  lead  azide  d.D. 1 333  despite  the  irregular 
contour  of  the  particles  may  be  attributed  to  reduction  of  friction  by  a 
surface  film  -~f  lead  car  boxy  methyl  c^llul  se. 

An  example  of  a  non -segregating  granular  c  mposite  mixture  of  lead 
azide  and  HUTU  is  shown  in  Fig.  45  and  the  structure  of  the  granule  is  seen  in 
Fig,  46  a  combination  X-ray  light  photograph.  This  was  prepared  using  lead 
carboxy  methyl  cellulose  as  the  binding  agent. 

* 

Attention  has  beun  given  to  precipitating  a  loss  sensitive  ox  plosive  on 
to  a  sensitive  initiator  in  order  to  increase*  safety  during  handling.  On 
loading  the  c  ape  site  granule  brinies  d  vm  giving  n  uniform  mixture  of  the 
components,  For  example  barium  styphnatc  has  been  precipitated  over  lead 
styphnatc. 
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Conclusions 

(1)  The  results  described  prove  that  a  very  large  number  of  products  of 
different  physical  and  explosive  properties  can  be  prepared  from  a  small 
number  of  explosives.  This  is  particularly  important  as  there  arc  relatively 
few  substances  which  combine  initiating,  priming  or  fast  burning  characteristics 
with  adequate  stability.  It  is  therefore  necessary  to  employ  all  possible 
means  of  modification  of  properties  particularly  those  methods  of  preparation 
which  have  been  shown  to  be  readily  applicable  on  the  production  scale*  For 
example,  it  has  been  demonstrated  with  lead  styphnatc  that  the  one  explosive 
can  bo  used  as  the  basis  of  manufacturing  processes  giving  (a)  a  free-flowing 
product  consisting  of  crystals  narrowly  controlled  to  habit  and  size  with 

high  apparent  bulk  density/density  ratio  (application  as  an  ingredient  for 
detonating  and  cap  compositions),  (b)  a  product  of  selected  crystal  habit  and 
size  to  give  a  non- segregating  mixture  with  a  less  dense  component  (application 
for  electrically  fired  caps)  and  (c)  a  product  consisting  of  rounded  granules 
by  direct  precipitation  possessing  quite  different  explosive  properties  (fast 
delay  composition).  In  addition  lead  styphnatc  has  been  modified  by  deposition 
of  a  surface  coating  to  render  it  virtually  insensitive  to  ignition  by  electric 
sparks  of  high  energy;  untreated  the  same  crystalline  material  is  extremely 
sensitive  to  this  form  of  ignition.  Other  experiments  have  given  further 
modifications  of  the  sane  explosive  including  a  granular  form  incorporating 
a  lubricant,  an  alternative  granulated  detonating  composition,  and  a  poly¬ 
morphic  form  of  possible  application  to  Service  use. 

(2)  Much  of  the  experimental  work  has  been  devoted  to  precipitation  in  the 
presence  of  additive  substances  or  impurities.  The  examples  given  in  this 
report  include  crystallisation  in  the  presence  of  impurities  during  transi¬ 
tion  of  the  main  substance.  Such  changes  have  been  representative  of  poly¬ 
morphic  transition  (c.g.  beta  to  alpha  lead  azide);  transition  from  salts  of 
different  basicity  (c.g.  acid  to  basic  salts  of  lead  4:6  dinitrcroscrcinatc); 
transition  from  higher  to  lower  hydrates  (c.g.  trihydrated  to  raonohydrated 
barium  styphnatc). 

This  indicates  sensitiveness  to  such  changes  and  can  afford  a.  guide  to 
the  selection  of  conditions  for  the  most  effective  control  of  crystallisation 
by  additive  substances.  This  phenomenon  has  been  known  and  previously 
remarked  in  the  literature  (Hcdvall  Chem.  Reviews  1_5  139,  1 934-)  and  the 
examples  described  in  this  report  provide  further  experimental  evidence. 

It  is  evident  however  that  such  transitions  arc  net  always  essential  for 
effective  co -precipitation.  For  instance  the  precipitation  of  load  styphnatc 
in  the  presence  of  methyl  cellulose  on  the  plant  scale  has  given  oppert unities 
of  obtaining  samples  during  the  early  stages  of  crystallisation  and  examining 
by  X-ray  diffraction  for  evidence  of  polymorphic  or  other  transition.  No 
substance  other  than  the  alpha  normal  monohydrate  has  been  found  although 
lead  styphnate  can  form  a  polymorph,  a  basic  salt  or  a  complex  salt  under 
suitable  conditions. 

(3)  The  frequent  use  of  methyl  cellulose  and  derivatives  as  co-precipitants 
may  be  noted  in  the  examples.  Although  other  types  of  colloids  have  been 
studied  it  is  evident  that  the  cellulose  ethers  and  esters  (and  also  some 
corresponding  starch  derivatives)  are  particularly  effective;  they  may  be 
employed  successfully  in  small  proportions  to  modify  crystal  shape  very  markedly 
without  diluting  desirable  explosive  properties.  The  single  spherical  crystal 
of  barium  styphnatc  may  be  compared  in  its  formation  with  corresponding  poly- 
crystallinc  granules  of  other  explosives.  When  the  complex  nature  of  these 
crystallisations  is  considered  together  with  the  relatively  slow  rate  of 
precipitation  the  uniformity  of  development  of  the  final  particles  is  remarkable; 
for  example  the  early  states  of  formation  of  granulated  lead  azide  can  show  a 
wide  range  of  phenomena  including  nucleation  within  gel  fragments  yet  the 
product,  is  free  from  fragments  and  oversize  aggregations. 
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In  the  use  of  ttu.  glycollatea  ns  co-prccipit ants  (o.  g,  lend  aside 
precipitated  in  the  presence  of  sodium  cellulose  g  lye  oil  ate,  R.D.1333)  it 
should  be  noted  that  in  many  cases  the  effective  co -precipitating  colloid  is 
the  insoluble  metal  salt  of  the  glycollio  acid.  This  is  important,  because 
the  heavy  metal  s-^lts  can  impart  moisture  repellent  properties;  thus  the 
final  co -precipitated  explosive  can  be  expected  to  have  greater  moisture 
resistance  than  if  prepared  by  precipitation  in  the  presence  of  a  hydrophilic 
colloid  without  salt  forming  properties. 

(4)  The  development  of  the  methods  givens  has  provided  increasing  evidence  that 
the  objective  of*  crystals  approaching  spherical  shape  to  obtain  optimum  flowing 
properties  should  bo  accepted  with  some  reservation.  It  is  shown  that  a  very 
irregularly  shaped  particle  can  possess  very  good  flowing  properties.  The 
surface  condition  of  the  crystal  may,  in  practice,  be  of  greater  importance 
than  the  shape  in  the  development  of  a  suitable  method  of  preparation  of  a  new 
composition. 

(5)  It  is  considered  that  the  results  emphasize  the  possibilities  of  using 
very  small  amounts  of  additive  substances  to  secure  Substantial  improvement 
in  crystallisation.  This  is  shown  particularly  with  the  non-ionic  surface 
active  agents  c.g.  with  lead  azide. 

(6)  The  use  of  surf ace -treatment  and  deposition  on  crystals  to  modify 
physical  properties  has  received  considerable  attention  in  this  work  and  the 
examples  arc  indicative  of  a  number  of  interesting  experimental  products 
which  have  been  prepared. 


Re  comme  nd  at  io  ns 


(1)  The  results  described  have  been  based  directly  upon  the  necessity  of 
meeting  Service  and  experimental  requirements  with  the  explosives  available. 

For  long  terra  investigations  on  crystallisation  it  may  be  advantageous  to 
include  the  study  of  substances,  not  necessarily  of  explosives  application, 
wiiich  would  broaden  the  basis  of  methods  for  modifying  physical  properties. 
Satisfactory  initiatory  explosives  may  be  regarded  as  unrepresentative, 
possessing  special  properties  such  as  adequate  chemical  stability  combined 
with  certain  degree  of  instability  to  heat  or  shock.  Where  crystallisation 
phenomena  of  value  have  boon  obtained  with  an  initiator  it  would  be  of  interest 
to  determine  if  the  results  can  bo  repeated  with  substances  related  chemically 
and  crystellographic-aiy.  Conversely  rare  general  information  on  the 
modification  of  crystals  of  related  substances  may  directly  assist  in 
obtaining  desired  results  with  an  explosive. 

(2)  Continued  investigations  should  include  further  attention  to  the 
employment  of  both  non-ionic  and  ionic  surface  active  agents.  In  addition 
to  the  use  of  water  soluble  or  dispersible  types  to  control  crystal  nuclca- 
tion  and  growth  those  soluble  in  organic  solvents  have  lie  iota  in 
connection  with  improvement  in  flowing  properties  :ui&  treatment  to  improve 
stability. 

(3)  The  methods  described  for  surface  treatment,  deposition,  and  co-precipita¬ 
tion  afford  moans  of  replacing  mechanical  mixtures  by  wet- precipitated  non- 
segregating  compositions.  This  eliminates  both  the  necessity  for  the  dry 
mixing  of  very  sensitive  ex pi  sives  and  the  possibility  of  segregation  of 
components  on  handling  and  resulting  failure  in  use.  Only  a  very  small 
beginning  has  been  made  to  replace  the  any  complex  mechanical  mixtures  now 

in  use  .and  consideration  of  further  application  of  these  methods  appears 
to  be  justified. 
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